Although Southeast Asia has a high diversity of small carnivore species, little is known about their distributions and ecology, and several species are now threatened with extinction. We predicted the distributions of 8 civet and mongoose species within Southeast Asia using ecological niche modeling, determined their habitat/ elevation niche preferences, examined the interspecific differences in these 2 niche parameters, and investigated possible factors that could have affected these distribution and niche patterns. We found a tendency for each civet and mongoose species to separate spatially from related species on geographical, habitat, and elevation gradients, and that 3 pairs of civet and mongoose species showed similar distribution patterns and habitat/ elevation preferences. The large Indian civet (Viverra zibetha) and crab-eating mongoose (Herpestes urva) have similar distributions throughout mainland Southeast Asia, are found over a broad range of elevations, and occur primarily in evergreen forest. The large-spotted civet (Viverra megaspila) occurs in lowland areas across northern Southeast Asia and is found most frequently in deciduous forest (and less frequently in evergreen forest). The Malay civet (Viverra tangalunga) and short-tailed mongoose (Herpestes brachyurus) both occur south of the Thai-Malaysian border in Malaysia, Indonesia, and the Philippines and are found primarily in lowlands and evergreen forest. The small Indian civet (Viverricula indica) and Javan mongoose (Herpestes javanicus) are found on mainland Southeast Asia and parts of Indonesia, occur mainly at lower elevations, and appear to have no preference for forest type. The collared mongoose (Herpestes semitorquatus) is found on Borneo (and possibly Sumatra) and might occur more frequently at higher elevations and in disturbed evergreen forests. Interspecific competition, biogeography, and human interference are discussed as possible factors to explain these distribution and niche patterns.
Species preservation and conservation planning requires detailed knowledge about where a species can survive and a good understanding of why it occurs only in certain regions (Papes and Gaubert 2007) . Ecological niche modeling is a useful tool for predicting species distributions, particularly for poorly known species in remote and inaccessible regions (Brito et al. 2009; Papes and Gaubert 2007) . This approach uses the environmental characteristics of known distribution points to assess the suitability of regions currently lacking records of a species. Georeferenced occurrence data are combined with several environmental variables to produce an ecological niche model of the potential distribution of a species (Elith et al. 2006; Elith and Leathwick 2009) . For mammal species, habitat and elevation are 2 key niche factors that have important ecological, distributional, and conservation consequences (Brito et al. 2009; DeMatteo and Loiselle 2008; Meijaard and Sheil 2008; Peterson et al. 2006) .
Although the lack of species records from regions of potential presence can be simply an artifact of inadequate sampling effort, unoccupied areas might highlight instances where other factors, such as historical causes, biotic interactions, or absence of key resources, have played a role in restricting a species' range (Hirzel and Le Lay 2008; Phillips et al. 2006) . For instance, interspecific competition can affect species distributions through geographical or ecological separations (Case and Gilpin 1974) . Because closely related, morphologically similar species commonly share ecological requirements that can prevent their coexistence (Anderson et al. 2002) , the geographic range of a carnivore can be restricted by a related species (Caro and Stoner 2003) , and some degree of niche differentiation must exist to allow sympatric carnivore species to coexist (Di Bitetti et al. 2010; Vieira and Port 2007; Zabala et al. 2009 ). For carnivores coexistence between sympatric species can occur through a variety of mechanisms such as different morphologies, diets, spatial preferences, or activity patterns (Chen et al. 2009; Chuang and Lee 1997; Davies et al. 2007; Di Bitetti et al. 2009 ). However, no research has been done on interspecific competition and niche segregation in viverrids and herpestids within Southeast Asia.
The aims of our study were to produce distributional and ecological information for 8 civet and mongoose species (which can then be used for conservation purposes), and provide a better understanding of the ecological processes occurring within this tropical small carnivore community. Our specific objectives were to use ecological niche modeling to predict the distributions of 8 viverrids and herpestids within Southeast Asia by combining 2 environmental variables (habitat and elevation) and accurately recorded occurrence records, and to investigate spatial niche differentiation within this small carnivore community at the regional scale by comparing niche overlaps for habitat and elevation. We used our results to propose several hypotheses that might account for the distribution and niche patterns and explain how these small carnivore species coexist within Southeast Asia. We also highlighted the conservation implications of some of our findings, particularly for threatened and data-deficient species.
MATERIALS AND METHODS
Occurrence data set.-We compiled different types of occurrence records (camera-trap detections, telemetry, trappings, sightings, and specimens) from several sources. For comparative purposes we included only records from Southeast Asia (Brunei Darussalam, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam), although the large Indian civet, small Indian civet, large-spotted civet, crab-eating mongoose, and Javan mongoose also occur outside this region (Gilchrist et al. 2009; Jennings and Veron 2009; Veron et al. 2007 ). Forty-three researchers provided unpublished records (see Acknowledgments), and we also used telemetry data from studies on the Malay civet and short-tailed mongoose (Colon 2002; Jennings et al. 2006 Jennings et al. , 2010a Jennings et al. , 2010b ). An extensive search of the literature was undertaken to gather published records (193 references; an Appendix is available from the authors). The location details of museum specimens were collected from 39 museums during personal visits, or obtained from curators, online databases, and the IndoAustralian Mammal Atlas (van Strien 2001) . Further information concerning the occurrence data set is available upon request from the authors.
Although it was not possible to control for any spatial differences in surveying effort, we lessened any potential biases in the occurrence data set by compiling records from a wide geographical area, different habitats, and a broad range of altitudes. The issue of biased survey data is inherent in all ecological niche-modeling studies that use occurrence records collected nonsystematically across a region (Phillips et al. 2006) , so the findings from these studies should be taken with some caution. To ensure that all the records were independent, and to minimize the effects of spatial autocorrelation on the modeling analyses, camera-trap, telemetry, and sighting detections ,24 h from a previous one were removed from the data set, and additional records from the same exact location were not used. Specimen records from museum databases and publications were cross-checked to eliminate any duplicates. Although it was not possible to double-check the validity of all the occurrence data, we checked specimen identifications whenever possible and investigated some of the outlier records, eliminating any that appeared not valid. After processing the raw data set (2,283 records), a total of 1,674 independent records was used in this study (Table 1) .
For records with only described localities, we georeferenced these using Global Gazetteer v 2.1 (www.fallingrain.com/ world/). All records were given an accuracy code (AC 1 to 4) on the basis of the precision of the location-AC 1: exact location recorded using a global positioning system (GPS) unit (e.g., camera-trap records); AC 2: exact location determined using accurate maps/GPS (e.g., telemetry points); AC 3: only a description of the locality recorded (e.g., museum specimens); AC 4: reported record (no details of type of record or precise coordinates). AC 1 and AC 2 records were collected recently and had an accuracy of ,50 m. AC 3 and AC 4 records covered a broader time span and had a likely accuracy of up to several kilometers, as it was often not possible to determine if the locality given for a specimen record was the exact position from where it was collected, and some reported records referred to a protected area, province, or small island (for which central coordinates were assigned).
Ecological niche modeling.-We used Maxent (Phillips et al. 2006) because it performs better than other approaches (Elith et al. 2006) , especially with low numbers of occurrence data (Papes and Gaubert 2007) . It also produces continuous suitability estimates, which are useful for investigating ecological questions and determining high-priority areas for conservation investigations (DeMatteo and Loiselle 2008; Wilting et al. 2010a ).
The extent of occurrence for each species within Southeast Asia was determined using occurrence records (AC 1-4) of the species. Within the distribution limits of each species 2 environmental layers, habitat and elevation, were combined with occurrence data to predict the areas of occupancy (with regard to these 2 variables). For habitat we used the Global Land Cover 2000 map for Southeast Asia (www.bioval.jrc.ec. europa.eu/products/glc2000/products.php; map 6); this map is derived from data collected by the SPOT-4 satellite (1-km resolution) for the years 1998-2000 and characterizes land coverage into 18 habitat types (Stibig et al. 2003 (Stibig et al. , 2004 . A digital elevation model (1-km resolution) was used as an elevation layer (www.ngdc.noaa.gov/mgg/topo/gltiles.html; tiles H and L) and projected in ArcView GIS 3.3 (ESRI, Redlands, California) as 300-m bandwidths. We used only records AC 1 and AC 2 for the distribution modeling, as the localities were recorded with a high level of accuracy, and a good temporal correspondence existed between the habitat layer and these records (see Table 1 for date ranges and n values). For each species, the environmental layers were clipped to the extent of occurrence, resampled to the same cell size, and then entered with the occurrence data into Maxent 3.3.1 (www.cs.princeton.edu/,schapire/maxent). This program was run with the ''auto features'' option checked and all other parameters at their default settings (Phillips and Dudik 2008) . The area under the curve (AUC) of the receiveroperating characteristic plot was used as a measure of model performance, and the outputs were projected in ArcView for interpretation.
Niche preferences and overlaps.-To determine the habitat and elevation niche preferences of each civet and mongoose species all AC 1 and AC 2 records were plotted in ArcView and overlaid with the habitat and elevation layers. For each species, we then extracted the habitat type and elevation at each detection point, and, if available, we double-checked these with the information recorded in the field; allowing for slight discrepancies in habitat descriptions, we obtained good agreement between the field information that accompanied 533 records and the GIS determinations. Niche preferences then were defined as the frequency of occurrence within each habitat and elevation category. We used the pairwise test of Pianka (1973) to calculate the niche overlaps between species for these 2 variables, using the program EcoSim 7.72 (Gotelli and Entsminger 2009 ). Pianka's index varies between 0 (total separation) and 1 (total overlap).
RESULTS
We present the number of records within each accuracy category, the date ranges for record groups (AC 1 and AC 2) and (AC 3 and AC 4), and the n values for the modeling and niche analyses (Table 1) . Distribution maps (Figs. 1-3) show the extent of occurrence and the predicted areas of occupancy for each species on the basis of our Maxent modeling-the distribution models were judged to have performed well on the basis of the high AUC values (0.795-0.965). Also, the percentage occurrence of each civet and mongoose species in each habitat category and elevation range is given (Figs. 4 and 5) . Further details of the results from the analyses of our data are described below for each species.
Large Indian civet.-Viverra zibetha is found on the mainland within Southeast Asia (Cambodia, Laos, Myanmar, peninsular Malaysia, Thailand, and Vietnam) and Singapore ( Fig. 1) . Large Indian civets occur primarily in evergreen TABLE 1.-Number of records within each accuracy category (AC 1 to AC 4), date ranges for records (AC 1 and AC 2) and (AC 3 and AC 4), and n for habitat + elevation (Hab+Elv) modeling and niche analyses. AC 1 5 exact location recorded using a global positioning system (GPS) unit (e.g., camera-trap records); AC 2 5 exact location determined using accurate maps/GPS (e.g., telemetry points); AC 3 5 only a description of the locality recorded (e.g., museum specimens); AC 4 5 reported record (no details of type of record or precise coordinates). forest/scrub (84.0%) but also are found in degraded forest (7.5%), deciduous forest/scrub (6.5%), and in plantations (0.3%; Fig. 4 ). They occur over a wide elevation range (79.2% from 0 to 900 m and 20.8% above 900 m), with a decreasing frequency from 0 to 2,100 m ( Fig. 5 ).
Large-spotted civet.-Viverra megaspila is found on the mainland within Southeast Asia: Cambodia, Laos, Myanmar, northwest peninsular Malaysia, Thailand, and Vietnam (Fig. 1) . The predicted distribution is patchy, and the highest probabilities of occupancy are mainly in Cambodia and Myanmar. Large-spotted civets occur most frequently in deciduous forest/ scrub (64.6%), followed by evergreen forest/scrub (30.8%) and degraded forest (4.6%; Fig. 4 ). Deciduous forest across northern Southeast Asia includes the mixed deciduous forests of central Myanmar and northern Thailand, and the dry dipterocarp forests in southern Laos, Cambodia, and southern Vietnam (Stibig et al. 2003) . Large-spotted civets are found at elevations below 600 m, and most records are below 300 m (Fig. 5) . A specimen is reported from Konkhakhin, Vietnam, at about 700-900 m (Lynam et al. 2005) ; however, this was a hunted animal for which the precise capture site was not known, and we were unable to verify this record.
Malay civet.-Viverra tangalunga is found on Borneo, peninsular Malaysia, the Philippines (Bohol, Busuanga, Culion, Guimaras, Leyte, Lubang, Luzon, Mindanao, Mindoro, Negro, Palawan, Panay, Samar, Sibuyan, and Siquijor islands), Singapore, Sumatra, Sulawesi, and several other Indonesian islands (Ambon, Bacan, Bangka, Bauwal, Billiton, Bintan, Bunguran, Buru, Halmahera, Karimata, Kundur, Laut, Lingga, Natuna, Panebangan, Rupat, Sangihe, Seram, Siao, Ternate, and Watubela; Fig. 2 ). Malay civets occur primarily in evergreen forest (80.2%) but also are found in degraded forest (10.1%), plantations (8.7%), and evergreen scrub (0.7%; Fig. 4 ). Although they have been recorded up to 2,100 m, they are found mainly at elevations between 0 and 600 m (97.7%; Fig. 5 ).
Small Indian civet.-Viverricula indica is found on the mainland within Southeast Asia (Cambodia, Laos, Myanmar, peninsular Malaysia, Thailand, and Vietnam), northern Sumatra, Java, and several other Indonesian islands (Bali, Bawean, Bintan, Kangean, Lombok, Panaitan, and Sumbawa; Fig. 3 ). Small Indian civets occur with a similar frequency in evergreen forest/scrub (47.8%) and deciduous forest/scrub (43.4%) and also are found in degraded forest (8.7%; Fig. 4 ). They have been recorded at elevations up to 1,500 m, but 88.4% of records are below 600 m (Fig. 5) .
Crab-eating mongoose.-Herpestes urva is found on the mainland in Southeast Asia: Cambodia, Laos, Myanmar, peninsular Malaysia, Thailand, and Vietnam (Fig. 1) . Crabeating mongooses occur primarily in evergreen forest/scrub (80.7%) but also are found in degraded forest (10.8%) and deciduous forest/scrub (8.7%; Fig. 4) . They occur over a wide elevation range (73.9% from 0 to 900 m and 26.1% above 900 m), with a decreasing frequency from 0 to 2,100 m (Fig. 5) .
Short-tailed mongoose.-Herpestes brachyurus is found on Borneo, peninsular Malaysia, the Philippines (Palawan and Busanga Island), and Sumatra (Fig. 2) ; one specimen has been reported from Trang, southern peninsular Thailand (American Museum of Natural History, no. 31597). Short-tailed mon- Records AC 1 and AC 2 are shown as filled-in dots # N and records AC 3 and AC 4 as empty dots #.
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JENNINGS AND VERON-CIVET AND MONGOOSE DISTRIBUTIONS/NICHESgooses occur primarily in evergreen forest (81.7%) but also are found in plantations (8.5%), degraded forest (6.1%), and evergreen scrub (2.4%; Fig. 4 ). Although they have been recorded up to 1,500 m, short-tailed mongooses are mainly found at elevations between 0 and 600 m (97.6%; Fig. 5 ).
Collared mongoose.-Herpestes semitorquatus is found on Borneo (Fig. 2 , but see ''Discussion''). Collared mongooses occur mainly in evergreen/degraded forest (95.5%) but also are found in evergreen scrub (4.5%; Fig. 4 ). Most records are at elevations of 300-600 m (Fig. 5) ; however, data for this species were very limited.
Javan mongoose.-Herpestes javanicus is found on mainland Southeast Asia (Cambodia, Laos, Myanmar, peninsular Malaysia, Thailand, and Vietnam), northern Sumatra, Java, and other Indonesian islands (Bali, Panaitan, and Madura; Fig. 3 ). Javan mongooses occur with a similar frequency in evergreen forest/scrub (43.8%) and deciduous forest/scrub (37.5%) and also are found in mosaic habitat (18.8%; Fig. 4) . They have been recorded at elevations up to 1,200 m, but most records are below 300 m (Fig. 5) .
Distribution patterns and niche overlaps.-The large Indian civet and large-spotted civet are sympatric on mainland Southeast Asia. Their elevation niches overlap extensively, particularly at low altitudes, but their overlap in habitat niche is much lower ( Table 2) . The large-spotted civet is found more frequently in deciduous forest than evergreen forest, in contrast to the large Indian civet, which primarily occurs in evergreen forest. The large Indian civet and the Malay civet have allopatric distributions, except on peninsular Malaysia. Their niches overlap extensively in both habitat and elevation, particularly in evergreen forest at low altitudes. The large-spotted civet and Malay civet have allopatric distributions (V. megaspila occurs north of northwest peninsular Malaysia, whereas V. tangalunga is found south of the Thai-Malaysian border). Their elevation niches overlap extensively, as both species occur primarily in lowland areas, but their overlap in habitat niche is low. The Malay civet does not occur in deciduous forest and is found more frequently in evergreen forest than the large-spotted civet. The small Indian civet is sympatric with the large Indian civet and large-spotted civet on mainland Southeast Asia, and its distribution overlaps the Malay civet on peninsular Malaysia and northern Sumatra. Its habitat and elevation niches overlap extensively with the 3 Viverra species, particularly with the large-spotted civet.
The crab-eating mongoose and short-tailed mongoose have allopatric distributions, except on peninsular Malaysia. Their niches overlap extensively in both habitat and elevation, particularly in evergreen forest at low altitudes ( Table 2 ). The short-tailed mongoose and collared mongoose are sympatric on Borneo. Their niches overlap extensively for habitat, but their elevation niche overlap is lower. The collared mongoose might occur more frequently at higher elevations and in disturbed forests. The Javan mongoose is sympatric with the crab-eating mongoose and short-tailed mongoose on mainland Southeast Asia. Among all 3 species, the habitat niche overlaps are fairly low, but their elevation niche overlaps are high. Three civet-mongoose pairs had similar distributions and very high habitat and elevation niche overlaps: large Indian civet/crab-eating mongoose, small Indian civet/Javan mongoose, and Malay civet/short-tailed mongoose (although the range for the Malay civet extends farther eastward than for the short-tailed mongoose).
DISCUSSION
Most of the occurrence data used in the modeling were from forested habitat, which might indicate that detections in open habitats (where fewer surveys have been done) have been underrecorded. This would affect particularly those species that prefer open areas. For instance, the small Indian civet and Javan mongoose often are found in scrubland and grasslands (Austin and Tewes 1999; Wells 1989) , and so our analyses might have underestimated their predicted presence in open habitat. Thus, additional field studies are needed to determine their exact habitat preferences.
Our occurrence database indicated areas within Southeast Asia where the presence of some species is uncertain. For instance, the status of the small Indian civet and Javan mongoose on Sumatra is unclear, with only a small number of 
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JENNINGS AND VERON-CIVET AND MONGOOSE DISTRIBUTIONS/NICHESmuseum records reported from the northern part of the island (6 and 9 specimens, respectively). The collared mongoose has been recorded on Borneo, but its presence on Sumatra is uncertain; no recent records exist, and only 2 specimens have been reported from Gunung Pasaman (Ophir District) and one from Soekadana (with some doubts about this record- Patou et al. 2009 ). Almost nothing is known about this species, and it is classified as ''Data Deficient'' by the IUCN (IUCN Red List 2010). To assume that Sumatra is part of the distribution of the collared mongoose, on the basis of this scant information, would have significant conservation implications because it would almost double the land area the collared mongoose is thought to occupy. We feel that it is more prudent not to overestimate its range, and so we excluded Sumatra from the distribution modeling for this species. However, if more reliable records are forthcoming for the collared mongoose on this island, its distribution would have to be modified. Similarly, only 4 Malay civet and 4 short-tailed mongoose specimens have been reported from Java. None of these has any precise locality information, and some were zoo animals. As no other records exist, it is unlikely that Java is a part of the native range of these 2 species. Using occurrence records with precise localities and ecological niche modeling, our study has produced distribution predictions for 8 poorly known civet and mongoose species within Southeast Asia. The distributions of these species were mapped recently using subjective assessments of their habitat requirements (SAMD 2006) , and then these were used in a gap analysis of Southeast Asian mammals (Catullo et al. 2008 ). However, the habitat assessments and mapped distributions for these species were different from those produced in this study. For example, the habitat suitability of evergreen forest was ranked as low for the short-tailed mongoose, whereas cultivated areas were given a high ranking (SAMD 2006), which is totally inconsistent with the results of our analyses (see also Jennings et al. 2010a ). The erroneous determination of the habitat requirements and distribution of a species can lead to a poor assessment of its conservation status.
The large-spotted civet is found on the mainland within Southeast Asia and is classified as ''Vulnerable'' by the IUCN (Duckworth et al. 2008) . Several authors in the late 1800s and early 1900s stated that its southern distribution included peninsular Malaysia (Flower 1900) , and on the basis of these early descriptions, the distribution maps in several publications (Corbet and Hill 1992; Francis 2008) have indicated all of peninsular Malaysia as part of this species' range. On closer inspection, however, it appears that Flower (1900) considered V. tangalunga and V. megaspila as synonyms and that he was referring to V. tangalunga in his description of V. megaspila in this region. One specimen of V. megaspila, labeled ''Malacca'' (a coastal town along western peninsular Malaysia), is housed in the Natural History Museum (London); however, Malacca was a well-known center of trade at the time (Wells 1989) . Also, a specimen was reported by Pocock (1933) as from ''Penang in Malacca,'' i.e., from the British Settlement of Penang, far north of Malacca town. Thus, some confusion surrounds the actual source of specimens labeled Malacca. The only other confirmed records of the large-spotted civet in this region are in northwest peninsular Malaysia (Kedah, Penang, and Perak states). To our knowledge, no recent camera-trapping surveys across central or southern peninsular Malaysia have detected this species. Papes and Gaubert (2007) produced distribution models for V. megaspila that did predict its presence across peninsular Malaysia. However, their study used different modeling methodology and did not incorporate the camera-trapping detections from deciduous forests in Cambodia that were available for our study. Their models thus predicted a higher probability of occurrence in evergreen forest than our analyses. According to our study, the southern range limit of the large-spotted civet is close to the ThaiMalaysian border. These findings have important conservation Pianka (1973) , which varies from 0 (total separation) to 1 (total overlap). For each species pair the upper figure is the niche overlap for habitat and the lower figure the niche overlap for elevation. Niches were defined as the frequency of occurrence within each habitat and elevation category, using records AC 1 (exact location recorded using a global positioning system [GPS] unit; e.g., camera-trap records) and AC 2 (exact location determined using accurate maps/GPS; e.g., telemetry points). implications for this vulnerable species. Our study indicates that its range is less extensive than that shown on the IUCN distribution map, and our analyses suggest that the largespotted civet is more restricted to tropical deciduous forest than was reported previously by Duckworth et al. (2008) . Our niche analyses have suggested the habitat and elevation preferences of the 8 civets and mongooses in this study. Telemetry studies on some of these species have indicated that these habitat niche preferences also are reflected within home ranges (Colon 2002; Jennings et al. 2006 Jennings et al. , 2010a Jennings et al. , 2010b Rabinowitz 1991) . For example, the home range of a large Indian civet in Thailand comprised 62% evergreen forest, 35% mixed deciduous forest, and 3% dry dipterocarp forest (Rabinowitz 1991) . Both this study and radiotelemetry have shown that the Malay civet and short-tailed mongoose are found primarily in evergreen forest but that they also use plantations occasionally (Jennings et al. , 2010b ; however, radiotelemetry also has revealed that these 2 species do not venture far from forested habitat and that remnant forest patches, ditches, and dense ground cover are crucial habitat components when they use cultivated areas (Jennings et al. , 2010b .
Our study revealed a tendency for each civet and mongoose species to separate spatially from related species on geographical, habitat, and elevation gradients. Several factors could account for these distribution and niche patterns and explain how these species coexist within Southeast Asia, including interspecific competition, biogeography, and anthropogenic factors, each of which we discuss below.
The large-spotted civet and large Indian civet are sympatric on mainland Southeast Asia, and our study suggests that habitat partitioning occurs between these 2 species; the largespotted civet is found more frequently in deciduous forest, whereas the large Indian civet mainly inhabits evergreen forest. Also, the large-spotted civet is restricted to lower altitudes, whereas the large Indian civet can occur over a wider range of elevations, so perhaps interspecific competition between these 2 species also is minimized through differences in elevational preferences. It appears that the Malay civet avoids interspecific competition with the large-spotted civet and the large Indian civet primarily through geographical separation, although the Malay civet and large Indian civet are sympatric on peninsular Malaysia. The small Indian civet occurs in all forest types and its distribution overlaps the 3 Viverra species; however, the small Indian civet might occur more frequently in open habitat, or possibly has other niche parameters (such as microhabitat preferences) that would allow it to coexist with the Viverra civets.
The short-tailed mongoose and collared mongoose are sympatric on Borneo, and our study suggests that some degree of habitat and elevational partitioning allows them to coexist. Differences in their microhabitat preferences or activity patterns also might exist in areas where they co-occur (Wilting et al. 2010b ). However, very little occurrence data exist for the collared mongoose, and additional field studies are needed. Although both the short-tailed mongoose and crab-eating mongoose are found in evergreen forest, their distributions are allopatric (except on peninsular Malaysia), which suggests that interspecific competition between these 2 species is avoided mainly through geographical separation. The Javan mongoose occurs in all forest types and is sympatric with the crab-eating mongoose and short-tailed mongoose on mainland Southeast Asia; however, the Javan mongoose might occur more frequently in open habitat, or possibly has other niche parameters that would allow it to coexist with the other mongoose species.
Our study also revealed that 3 pairs of civets and mongooses have similar distribution patterns and habitat/ elevation preferences. Even though the civet species is larger than the mongoose species within each pair, potential interspecific competition for food resources exists between these 2 taxonomic groups (Chuang and Lee 1997; Davies et al. 2007 ). However, each of the civet species in our study is primarily nocturnal , whereas each of the mongoose species appears to be diurnal (Gilchrist et al. 2009 ; but see Wilting et al. 2010b) , which suggests that differences in activity patterns might reduce interspecific competition between these two groups. Time partitioning was suggested by Di Bitetti et al. (2009) as the main mechanism that facilitates the coexistence of crab-eating foxes (Cerdocyon thous) and pampas foxes (Lycalopex gymnocercus).
Despite the clear patterns presented above, these do not conclusively demonstrate competitive exclusion. Geographical separations between allopatric species could have resulted from historical causes. Competitive interactions with other Southeast Asian carnivore species also need to be considered. For instance, although leopards (Panthera pardus) migrated to Java from South Asia in the Middle Pleistocene, they might have not invaded Sumatra or Borneo because of competition from other large carnivores (Meijaard 2004) . To confirm any interspecific competition field studies are needed in contact zones to determine each species' microhabitat usage, behavior, and food habits. For example, on peninsular Malaysia, where the Malay civet and short-tailed mongoose co-occur with the large Indian civet and crab-eating mongoose, on the basis of our analyses we would predict that the latter 2 species are restricted to marginal forested habitat, particularly at higher elevations. Unfortunately, we could not gather sufficient occurrence data for these species on peninsular Malaysia to test this prediction reliably, but within Krau Wildlife Reserve, where both the crab-eating mongoose and short-tailed mongoose have been recorded, the crab-eating mongoose has been detected only at high elevations (above 640 m), whereas the short-tailed mongoose is found only in lowland areas (see also Jennings et al. 2010a) .
In Southeast Asia environmental fluctuations over the last few million years have shaped current biogeographic patterns and regional biodiversity (Woodruff 2010) . On the Thai peninsula the Isthmus of Kra (,10uN) has been recognized traditionally as a major transition zone between the Indochinese and Sundaic zoogeographic subregions (Meijaard 2009; Woodruff and Turner 2009) . However, the range limits of mammals cluster in northern peninsular Malaysia (5uN) and 800 km farther north (14uN) where the peninsula joins the main continent (Woodruff and Turner 2009) . No obvious geophysical barriers exist between these 2 areas, but Woodruff and Turner (2009) have suggested that repeated, rapid sealevel changes in the last 5 million years resulted in compressed species populations and local extirpations. Of the 8 species in our study, the large-spotted civet, Malay civet, and short-tailed mongoose have range limits in southern Thailand/northern peninsular Malaysia. It is thus possible that the above scenario could have restricted the distributions of these 3 species, although other factors, such as interspecific competition, could have played more important roles. Why some species that occur in both northern and southern areas of Southeast Asia, such as the small Indian civet, do not appear to have been affected by these hypothesized peninsular events is not clear. Meijaard (2009) has suggested that the distinction between the Indochinese and Sundaic faunas might be maintained by ecology rather than by localized extinction patterns. The distribution of the large-spotted civet, for example, could be due simply to its habitat preference for tropical deciduous forest, which mainly occurs across northern Southeast Asia.
Because of the extensive shallow seas throughout Southeast Asia, periodic changes in global sea levels during the recent ice ages (starting about 2.7 million years ago) had a major influence on the exposed land area and the availability of dryland connections between Southeast Asian land masses, which allowed animals to disperse across (Corlett 2009 ). At the Last Glacial Maximum (LGM), approximately 20,000 years ago, a lowering of the sea level by ,120 m exposed a land mass about the size of Europe on the Sunda Shelf. The large islands of Sumatra, Borneo, and Java were connected to mainland Asia, along with many smaller islands, possibly including Palawan (Woodruff 2010) . A large area of this ''Sundaland'' was of low relief and was drained by several major rivers (Bird et al. 2005) . During the last glacial period the climate might have been drier, colder, and more seasonal (particularly in the central areas of the Sundaland), and a continuous northsouth corridor of open savannah vegetation could have existed through this continent, extending down peninsular Malaysia, into eastern lowland Sumatra, to the southern and eastern coasts of Borneo, and over much of lowland Java (Bird et al. 2005; Cannon et al. 2009; Meijaard 2003) . Tropical forest was restricted mainly to the mountainous regions of western Sumatra and central Borneo, the Malacca Straits, the Mentawai Islands, southern Borneo, around Natuna Island, and parts of Palawan (Meijaard 2003) , which would have acted as refugia for forest-dependent species, such as the Malay civet and short-tailed mongoose. Some models, however, predict a more extensive coverage of evergreen forest across the Sundaland at the LGM (Cannon et al. 2009 ), and gallery forests could have occupied valley areas throughout the region (Bird et al. 2005) , which could have allowed the dispersal of forest civet and mongoose species over the Sunda Shelf.
A savannah corridor through the Sundaland continent would have connected similar open vegetation types north and south of the equator and provided a dispersal route from peninsular Malaysia to Java for species that favored more open habitats, such as the small Indian civet and Javan mongoose. This savannah corridor would have separated forested areas to the west and east and served as a barrier to the dispersal of rainforest-dependent species between Sumatra and Borneo (Bird et al. 2005; Meijaard 2003) . The large rivers that dissected the exposed Sunda Shelf also might have acted as dispersal barriers (Meijaard 2003) . A phylogenetic study of Asian mongooses found that short-tailed mongooses from peninsular Malaysia and Sumatra showed little divergence, but those from Borneo were genetically distinct (Patou et al. 2009 ). Other molecular studies also have shown a strong differentiation of Bornean mammal populations (Gorog et al. 2004; Patou et al. 2008) , suggesting that dispersal movements of forest-dependent species between Borneo and the remainder of the Sunda Shelf were restricted during the last glacial period. About 10,000 years ago higher sea levels started to sever land connections and separate the islands of Sundaland (Corlett 2009 ). This created sea dispersal barriers between islands, which allowed for further genetic and morphological divergences to occur between these isolated populations.
Overhunting, deforestation, and land conversion have caused range contractions in many mammal species in Southeast Asia (Corlett 2007; Sodhi et al. 2004 Sodhi et al. , 2010 , which could account for the absence of some species in certain areas (e.g., on Java where extensive habitat changes have occurred since humans colonized this island). Also, humans have moved civet and mongoose species from one area to another for a variety of reasons. For instance, terrestrial civets are farmed in some parts of Asia for the production of civetone, which is used in the perfume industry and traditional medicine . Several viverrid and herpestid species are traded in local and international markets for food and as pets (Corlett 2007; Shepherd 2008) , or have been introduced to agricultural areas to catch rodents (Gilchrist et al. 2009; Jennings and Veron 2009 ). These translocations of animals might account for the rare occurrence of some viverrid and herpestid species on islands on which they are not native (e.g., the Malay civet and short-tailed mongoose on Java and the small Indian civet and Javan mongoose on Sumatra). Human introductions also could account for the presence of the small Indian civet on some Indonesian islands (such as Lombok and Sumbawa) and the Malay civet on several islands in the Philippines and Wallacea region (Musser 1987; Reis and Garong 2001; Veron 2001) , as these areas were separated from the Sundaland by deep-water channels, and no land bridges ever have existed between them (van den Bergh et al. 2001) . However, introductions of these species are difficult to verify or disprove, as virtually no fossil or written records exist. Molecular studies could shed some light on these events.
Our ecological niche modeling highlighted areas with the highest probabilities of occurrence, thereby indicating key localities for the long-term conservation of threatened species and where further research activities should be prioritized. To confirm our results and further explore the mechanisms responsible for these distribution and niche patterns field studies are needed to gather more data on the distribution, abundance, and ecology of these civet and mongoose species. For instance, insufficient occurrence data exist to investigate spatial or temporal changes in ecological niches, and too little is known about the natural history and ecology of these civets and mongooses to determine how other biotic factors, such as predation and disease, or the presence of key resources (e.g., den sites), also have played a role in determining their distribution patterns. Finally, our findings have important implications for the conservation of these small carnivore species. For example, tropical lowland forest is very vulnerable and is fast disappearing, and those species that occur primarily in this habitat could be threatened with extinction.
